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(54) Polymer film for wrapping a stent structure 

(57) The drug-loaded stent includes an expandable 
stent structural member, and a planar sheet of polymeric 
material attached to the outside of the expandable stent 
structural member. The polymeric materia) preferably is 
bioabsorbable, and loaded or coated with a therapeutic 
agent or drug to reduce or to prevent restenosis in the 
vessel being treated. The polymer material can be at- 
tached to the metal stent at one or more points, and 
wrapped in a coil around the stent in an unexpanded 
state, to uncoil and expand in diameter to substantially 
match the expanded diameter of the metal stent: or can 
be wrapped trolly around the stent structural member 
and attached to itself, to stretch radially when the stent 
structural member is expanded. In another currently 
preferred embodiment, a combination of a stent struc- 
tural member and a polymeric film wrapping can be pro- 
vided with a coating of tubricious material. The lubrictous 
material can be polyethylene oxide, polyethylene glycol, 
polyethylene acetate, polyvinyl pyrrofidone, polyvinyl al- 
cohol, polyacrylamide, hydrophilic soft segment u re- 
thanes, some natural gums, polyanhydrides or other 
similar hydrophflic polymers, and combinations thereof. 
The layer of tubricious material protects the stent from 
the guide or the body lumen in which the stent is inserted 
by providing a low friction surface over the stent. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001 ] This invention relates generally to expandable 
intraluminal vascular grafts, generally referred to as 
stents, and more particularly concerns metal stents 
wrapped with a polymer film capable of carrying and re- 
leasing therapeutic drugs. 

Description of Related Art 

[0002] Stents typically are implanted within a vessel 
in a contracted state and then expanded when in place 
in the vessel in order to maintain patency of the vessel 
to albw fluid flow through the vessel. Ideally, implanta- 
tion of such stents is accomplished by mounting the 
stent on the balloon portion oi a catheter, positioning the 
stent in a body lumen, and expanding the stent to an 
expanded state by inflation of a balloon within the stent. 
The stent then can be left In place by deflat&ng the bal- 
loon and removing the catheter. 
[0003] Stents commonly have a metallic structure to 
provide the strength required to function as a stent, but 
typically do not provide tor the delivery of localized ther- 
apeutic pharmacological treatment of a vessel at the lo- 
cation being treated with the stent. Polymeric materials 
capable of absorbing and releasing therapeutic agents 
may not fulfill the structural and mechanical require- 
ments of a stent, especially when the polymeric materi- 
als are loaded with a drug, because drug-loading of a 
polymeric material can significantly affect the structural 
and mechanical properties of the polymeric material. 
Because it often is useful to provide localized therapeu- 
tic pharmacological treatment of a vessel at the location 
being treated with the stent, it would be desirable to 
combine such polymeric materials with existing stent 
structures to provide a stent with the capability of ab- 
sorbing therapeutic drugs or other agents, for placement 
and release of the therapeutic agents at a specific intra- 
vascular site. 

SUMMARY OF THE INVENTION 

[0004] Briefly, certain preferred embodiments of the 
present invention provide for a stent wrapped with a pol- 
ymer film capable of carrying and releasing therapeutic 
agents. Because the polymer film is wrapped on the out- 
side of the stent, and is not needed to provide structural 
strength to assist in opening the flow path of the vascu- 
lature or other body lumen where the stent is to be 
placed, the drug-containing section can be specially for- 
mulated for its specific function of delivering drugs lo- 
cally. The stent can be used in coronary arteries or any 
other part of the vasculature or other body lumen where 
mechanical opening force is necessary or desirable to 
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keep the vessel open or to maintain the stent flush 
against the lumen wall, and where an anti -restenosis, 
antiproliferative or other type of therapeutic drug or 
agent simultaneously is to be positioned and diffused. 

s [0005] Particular embodiments accordingly provide 
for a drug-loaded stent, comprising an expandable stent 
structural member, and a planar sheet of polymeric ma- 
terial disposed on the outside of the expandable stent 
structural member. The polymeric material preferably is 

10 bioabsorbable, and preferably is loaded or coated or 
laminated with a therapeutic agent or drug to reduce or 
prevent restenosis and thrombosis in the vessel being 
treated. The polymer material can be a thermoplastic or 
an elastomer, for example, so that the film can stretch 

is or deform radially when the stent structural member is 
expanded. The film of polymer material can be formed 
as a solid sheet or can incorporate holes of various siz- 
es and shapes to promote rapid endothelialization. 
[0005] The polymer film preferably is mounted to the 

20 stent structural member, and in a presently preferred 
embodiment the polymer film can be attached to the 
existing stent structural member In an unexpanded state 
by adhesive or.by heat sealing, with the stent structural 
member sandwiched between internal and external lay- 
re ers of film heat sealed around the stent structural mem- 
ber, or mechanically, as by such a mechanical connec- 
tion as hooking one or more slots on an edge portion of 
the polymeric material through a corresponding slotted 
portion of the stent structural member, or with a metal 

30 clip. The polymer material can be attached to the stent 
structural member at one or more points, and wrapped 
in a coil around the stent in an unexpanded state, so 
that the diameter of the outer coiled film would uncoil 
and expand in diameter to match the diameter of the 

as metal stent When coiled around the stent structural 
member, the coiled polymer film can have at least one 
slit transverse to the longitudinal axis about which the 
stent Is coiled to accommodate possible uneven expan- 
sion of the underlying stent structural member. 

40 [0007] In another presently preferred embodiment 
the polymer material can be attached to an existing stent 
structural member with an interference fit by tightly 
wrapping the polymer film at least once circumf ereriUalty 
around the stent structural member in an unexpanded 

4S state and attaching the polymer film to ftsetf to form a 
sleeve around the stent structural member, such as by 
heating and melting the film to itself, adhesive bonding, 
solvent bonding, bonding one or more strips of elastic 
polymeric material on the outside edge of the polymeric 

so film wrap to secure it or by mechanical fastening, such 
as by a clip. 

[000®] In one currently preferred embodiment, the 
polymer material can be attached to an existing stent 
structural member by hooking one or more slots on an 
55 ©dge portion of the polymeric material through a corre- 
sponding slotted portion of the stent structural member, 
tightly wrapping the polymer film at least once circum- 
ferent tally around the stent structural member in an un- 
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expanded state to form a coil of layers of the polymeric 
material, and securing the layers in a tightly wrapped 
coil. The coll currently is preferably secured in a tightly 
wrapped coil by adhesive bonding, typically by an ad- 
hesive such as a copolymer of poly-L-lactic acid (L-PLA) s 
and polycaprolactone (PCL). although other adhesives, 
heat bonding, solvent bonding, or one or more mechan- 
ical fasteners, such as with a metal clip, for example, 
also may be suitable. Alternatively, the coil can be se- 
cured in a tightly wrapped coil by attaching one end of » 
at least one piece of elastic material to an exterior end 
portion of the coil of polymeric material, and attaching 
the other end of the elastic material to a portion of the 
exterior of the wrapped coil of polymeric material. The 
elastic material stretches to allow the coil of polymeric is 
material to uncoil as the stent is expanded. 
[0009] In another currently preferred embodiment, a 
combination of a stent structural member and a poly- 
meric film wrapping can be provided with a coating of 
lubricious material. The lubricious material currently 20 
preferably comprises a mixture o1 polyethylene oxide 
and polyethylene glycol, although other types of hy- 
drophilic polymeric materials such as polyethylene ac- 
etate, polyvinyl pyrrolidone (PVP), polyvinyl alcohol, 
polyacryjamide, hydrophilic soft segment urethanes, 25 
soem natural gums such as gum arabic, gum tragacanth 
and the like, poJyanhydrldes or other similar hydrophilic 
polymers, and combinations thereof, also can be used. 
The lubricious coating currently preferably is applied 
over a stent -and -polymer-film-wrap combination by dip- 30 
ping the wrapped stent in the hydrated, liquid lubricious 
material. The layer of lubricious material protects the 
stent from the guide catheter or the body lumen in which 
the stent is inserted by providing a low friction surface 
over the stent. 3S 
[001 0] These and other aspects and advantages of 
the invention will become apparent from the following 
detailed description, and the accompanying drawings, 
which Illustrate by way of example the features of the 
invention. 40 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] 

FIGURE 1 is a cross-sectional view of a first em- 
bodiment of the stent structural member and film of 
polymer material of the drug-loaded stent of the in- 
vention shown in an un expanded state; 

FIG. 2 Is a cross-sectional view of the drug-loaded 
stent of FIG. 1 shown in an expanded state; 

FIG. 3 is a perspective view of the drug-loaded stent 
of FIG. 1; as 

FIG. 4 is a perspective view of an alternate embod- 
iment of the drug-loaded stent of FIG. 1 raving ap- 



ertures in the exterior sheet of polymeric material; 

FIG. 5 Is a cross-sectional view of a second embod- 
iment of the drug-loaded stent of the invention, 
shown in an unexpanded state; 

FIG. 6 is a perspective view of an alternate embod- 
iment of the drug-loaded stent of FIG. 5 having ap- 
ertures in the polymeric material; 

FIG. 7 is a cross-sectional view of an alternate em- 
bodiment of the drug-loaded stent of FIG. 5 having 
multiple wrappings of the polymeric material; 

FIG. 8 Is an elevational view of a representative 
stent structural member, shown in a vessel; 

FIG. 9 is apian view of a sheet of polymeric material 
In another alternative embodiment including elastic 
strips for securing the polymeric material wrapped 
around a stent structural member; 

FIG. 10 is a cross-sectional view of a drug-loaded 
stent wrapped with the polymeric material of FIG. 9; 

FIG. 11 is a perspective view of the drug-loaded 
stent of FIG. 10; 

FIG. 12 is a plan view of a sheet of polymeric ma- 
terial In a further alternative embodiment including 
an elastic strip extending the width of the polymeric 
material for securing the polymeric material when 
wrapped around a stent structural member 

FIG. 1 3 Is a perspective view of a drug-loaded stent 
wrapped with the polymeric material of FIG. 12; 

FIG. 1 4 Is a plan view of a sheet of polymeric ma- 
terial in a further alternative embodiment including 
attachment tabs for securing the polymeric material 
to a stent structural member; 



FIG. 17 is an elevational view of the drug-loaded 
stent of FIG. 1 5 covered with a layer of a lubricious, 
hydrophilic polymeric coating; and 

FIG. 1 8 is a partial sectional view of the drug-loaded 
stent of FIG. 17. 



FIG. 15lsan elevational view of a drug-loaded stent 
wrapped with the sheet of polymeric material of FIG. 
4S 14 and mounted on a balloon dilatation catheter for 
delivery; 

FIG. 16 is an enlarged partial sectional view of the 
drug-loaded stent of FIG. 15 showing the sheet of 
so polymeric material wrapped around a slotted tube 
stent structural member; 
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DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0012] Stents that have a metallic structure typically 
do not provide for the delivery of localized therapeutic 5 
drugs In a blood vessel, while polymeric materials that 
can be used for drug delivery may not fulfill the structural 
and mechanical requirements of a stent to hold open a 
body lumen. Polymeric materials used for the dual func- 
tion of structural support and for absorbing and releas- 70 
Ing therapeutic agents may not fulfill either function sat- 
isfactorily, because drug-loading of a polymeric material 
can significantly affect the structural and mechanical 
properties of the polymeric material, and the ability to 
absorb and release therapeutic agents or drugs can af- is 
fact structural characteristics. 

[001 3] Accordingly, as shown in FIGS. 1-4, one em- 
bodiment of the present invention provides for a stent 
20 that can be drug-loaded, comprising an expandable 
stent structural member 22, and a planar sheet or film 20 
24 of polymeric matertaf, further described below, that 
in a first embodiment is attached to the metal stent at 
one or more points of attachment 26, and is wrapped in 
a coil around the stent in an unexpanded state. The pol- 
ymer material can be extruded as a thin film, and any *s 
processing can be done while the material is In a flat 
sheet form. 

[001 4] The attachment of the film of polymeric mate- 
rial 24 to the stent structural member 22 in an unexpand- 
ed state can be by adhesive: heat sealing such as with 
the stent structural member sandwiched between inter- 
nal and external layers of film heat-sealed or otherwise 
laminated around the stent structural member; by me- 
chanical connection such as by hooking one or mors 
slots on an edge portion of the polymeric material 35 
through a corresponding slotted portion of the stent 
structural member, as will be described further below, 
or with a metal clqp, for example. The film of polymeric 
material also has a free end 28, and can have one or 
more slits 30 in the polymeric film transverse to the axis 40 
32 of the stent to accommodate possible uneven expan- 
sion of the underlying stent structural member. The pla- 
nar sheet of polymeric material preferably is adapted to 
uncoil and to expand to match the expansion of the stent 
structural member. The planar sheet of polymeric ma- <s 
teriaJ can be a solid sheet, or can have a surface defining 
a plurality of apertures 34 of various sizes and shapes 
to promote rapid endothelialization, as is illustrated in 
FIG. 4. The stent can be mounted on a balloon dilatation 
catheter, for deployment of the stent in the vasculature so 
of a patient. 

[001 5] As is 9 lust rated in FIG. 5, in a second embod- 
iment of the stent 40 that can be drug-loaded, the stent 
comprises a stent metal structural member 42, and a 
planar sheet or film of polymeric material 44, further de- 55 
scribed below. The film of polymeric material in this em- 
bodiment has a first end 46 forming a first layer 47 of 
the polymeric material, and a second end 48 overlap- 
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ping the first end forming a second layer 49 and attached 
to the first layer of the polymeric film, preferably by heat- 
ing and melting the film to itself to form a longitudinal 
heat seal bond 50 between the first and second layers. 
Attachment of the two outer layers of the polymeric film 
also can be accomplished by adhesive bonding, solvent 
bonding, or one or more mechanical fasteners, such as 
with a metal clip, for example. In this embodiment, the 
planar sheet of polymeric material preferably is wrapped 
circumferentially and cinched tightly as a sleeve around 
the stent structural member, and thus is attached to the 
stent structural member by an interference fit. In an al- 
ternative embodiment illustrated in FIG. 7. the polymeric 
material can be wrapped multiple times around the stent 
to form multiple layers that can be joined together as 
described with reference to FIG. 5 to form a tube around 
the stent. Alternatively, the polymeric material can be 
formed as a seamless tube or sleeve to fit tightly around 
the unexpanded stent structural member. 
[001 6] The primary function of the sheet of polymeric 
material is to deliver therapeutic agents or drugs to help 
prevent thrombosis and/or restenosis. The planar sheet 
of polymeric material preferably is selected from the 
group of polymers consisting of mermoplastic and elas- 
tomeric polymers, so that the polymeric film can stretch 
or deform radially when the stent structural member is 
expanded. 

[0017] As is shown in FIG. 6, the planar sheet of pol- 
ymeric material also can have a surface defining a plu- 
rality of apertures 52 of various sizes and shapes to pro- 
mote rapid endothelialization, similar to the embodiment 
illustrated in FIG. 4. The stent can be mounted on a bal- 
loon dilatation catheter, for deployment of the stent in 
the vasculature of a patient. 

[0018] In each of these embodiments, the stent struc- 
tural member is of the type that can be implanted within 
a vessel in a contracted stats and expanded to maintain 
patency of the vessel and to allow fluid flow through the 
vessel, such as the expanding stents available from Ad- 
vanced Cardiovascular Systems, Inc., Santa Clara, CA 
(ACS), the Johnson & Johnson Corporation (e.g. , Pal- 
maz-Shatz stents) Cook Incorporated (e.g. , Gianturco 
stents), and the like. The metal structural member, for 
example, can be formed from a metal selected from the 
group of metals consisting of stainless steel, MP35N, 
MP20N, elastinite (nitinol), tantalum, nickel-titanium al- 
loy, platinum-indium alloy, gold, and magnesium, al- 
though the stent structural member also can be formed 
of suitable non-metallic materials. "MP35N" and 
"MP20N" are trade names for alloys of cobalt, nickel, 
chromium and molybdenum that are available from 
Standard Pressed Steel Co. of Jenkintown, Pennsylva- 
nia. MP35N consists of 35% cobalt, 35% nickel, 20% 
nickel, 20% chromium, and 10% molybdenum. 
£0019] A representative stent structural member 60 
wifft which a sheet of polymeric material can be com- 
bined according to one embodiment of the invention is 
illustrated in FIG. 8. In one preferred embodiment, the 
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stent structural member 60 can be formed ol metal, and 
comprises a plurality ol radially expandable cylindrical 
elements 62 disposed coaxially and interconnected by 
members 63 disposed between adjacent cylindrical el- 
ements. The stent structural member is shown without 
a covering sheet oJ polymeric material, in a typical set- 
ting within a vessel 65, for repairing a detached vessel 
lining 66, for example, and for maintaining the patency 
of the vessel. 

[0020] The polymeric material preferably is selected 
from thermoplastic and elastomeric polymers. In one 
currently preferred embodiment, the polymeric material 
can be a material available under the trade name "C- 
Flex" from Concept Polymer Technologies ol Largo, 
Florida. In another currently preferred embodiment, the 
polymeric material can be ethylene vinyl acetate (EVA); 
and in yet another currently preferred embodiment, the 
polymeric material can be a material available under the 
trade name "BIOSPAN." Other suitable polymeric ma- 
terials include latexes, urethanes, potysiloxanes, and 
modified styrene-ethylene/butylene-styrene block co- 
polymers (SEBS) and their associated families, as well 
as elastomeric, bioabsorbable, linear aliphatic polyes- 
ters. The polymeric material typically can have a thick- 
ness in the range of about 0.051 to 0.508 millimeters 
(about 0.002 to about 0.020 inches), for example. The 
polymeric material preferably is bioabsorbable, and is 
preferably loaded or coated with a therapeutic agent or 
drug, including, but not limited to, antiplatelets, anti- 
thromofns, cytostatic and antiproliferative agents, for ex- 
amp le, to reduce or prevent restenosis in the vessel be- 
ing treated. The therapeutic agent or drug preferably is 
selected from the group of therapeutic agents or drugs 
consisting of sodium heparin, low molecular weight 
heparin, hirudin, argatroban, forskolin, vapfprost, pros- 
tacyclin and prostacyclin analogues, dsxtran, D-phe- 
pro-arg-chlofomethylketone, dipyridamole, glycopro- 
tein llb/llla platelet membrane receptor antibody, re- 
combinant hirudin, thrombin inhibitor, angiopeptin, an- 
giotensin converting enzyme inhibitors, (such as Cap- 
toprfl, available from the Squibb Corporation; Cilazapril, 
available from the Hoffman-La Roche Company; or Lisi- 
nopril, available from the Merck Company) calcium 
channel blockers, colchicine, fibroblast growth factor 
antagonists, fish oil, omega 3-fatty acid, histamine an- 
tagonists, HMG-CoA reductase inhibitor, methotrexate, 
monoclonal antibodies, nitroprusstde, phosphodieste- 
rase inhibitors, prostaglandin inhibitor, seramin, serot- 
onin blockers, steroids, thioprotease inhibitors, triazot- 
opyrimidine and other PDGF antagonists, alpha-inter- 
feron and genetically engineered epithelial cells, and 
combinations thereof. While the foregoing therapeutic 
agents have been used to prevent or treat restenosis 
and thrombosis, they are provided by way of example 
and are not meant to be limiting, as other therapeutic 
drugs may be developed which equally are applicable 
for use with the present invention. 
[0021] In another currently preferred embodiment il- 



lustrated in FIGS. 9-13, the stent 70 that can be drug- 
loaded comprises a stent metal structural member 72, 
such as the stent structural member 60 illustrated for 
example in FIG. 8, and a planar sheet or film of poly- 
s meric material 74, preferably including a plurality of ap- 
ertures 68, as will be explained further below. The pol- 
ymeric material can be attached to an existing stent 
structural member by tightly wrapping the polymer film 
at least once, and preferably multiple times, circumfer- 

io entialry around the stent structural member 72 in an un- 
expanded state to form a coil of layers of the polymeric 
material. The film of polymeric material in this embodi- 
ment has an interior end 76, multiple wrappings forming 
a plurality of layers 77 of the polymeric material, and an 
exterior end 78 overlapping the multiple layers. The coil 
of polymeric material preferably is secured snugly over 
the stent structure by at least one piece or strip of elastic 
material 80. One end 82 of at least one such piece or 
strip of elastic material is attached to the exterior end 

so portion 78 of the coil of polymeric materia!, and an op- 
posing end 83 of the piece of elastic material is attached 
to another portion 84 of the exterior ol the wrapped coil 
of polymeric material, across the edge of the exterior 
end portion 78 of the coil of polymeric material, to secure 

25 the coil on the stent. In one currently preferred embod- 
iment illustrated in FIGS. 9-11. the coil of polymeric ma- 
terial advantageously can-be secured on the stent struc- 
tural member by two strips of such elastic material. Ad- 
ditional strips of elastic material also can be used to se- 

3o cure the coil of polymeric material, as needed. The elas- 
tic material stretches to allow the coil of polymeric ma- 
terial to uncoil as the stent is expanded. In a currently 
preferred embodiment, the strips of elastic material are 
heat-bonded to the coil of polymeric material. Attach- 
es ment of the elastic material also can be accomplished 
by adhesive bonding, solvent bonding, or by one or 
more mechanical fasteners, such as with a metal clip, 
for example. In this embodiment, the planar sheet of pol- 
ymeric material preferably is wrapped circumf erentfally 

4> and cinched tightly as a sleeve around the stent struc- 
tural member, and thus is attached to the stent structural 
member by an interference fit. 
[0022] In a currently preferred alternative embodi- 
ment shown in FIGS. 12 and 13, similar to that illustrated 

« in FIGS. 9-1 1 . the elastic strip of material 80 can extend 
and be bonded along the entire widm of the exterior end 
78 of the coil of polymeric material as is shown in FIG. 
12, and can be bonded to the other portion 84 of the 
exterior of the wrapped coti of polymeric material, across 

so the edge of the exterior end portion 78 of the coil of pol- 
ymeric material, to secure the coil on the stent, as is 
illustrated in FIG. 1 3. The strip of elastic material also 
can be perforated, such as with apertures 86 formed in 
the strip of elastic material for example, to decrease the 

ss cross-sectional area of the elastic material and thus to 
permit the elastic material to stretch more easily. The 
polymeric film material also currently preferably in- 
cludes a plurality of apertures 88 so that the polymeric 
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material is porous, to allow blood to flow through the 
stent structural member 72 to the vessel wall, such as 
for oxygenation of and nutrient exchange with the vessel 
wall, and in order to present a decreased surface area 
for purposes of reducing thrombogenicity. The aper- 
tures also improve the flextoility of the polymeric mate- 
rial, allowing the stent segment to be more easily rolled 
and uncoiled during expansion of the stent structural 
member, and also facilitate the process of cell growth 
over the surface of the stent. 

[0023] The primary function of the sh eet of polymeric 
material 24,44,74 is to deliver therapeutic agents or 
drugs to help prevent thrombosis anoVor restenosis. The 
planar sheet of polymeric material preferably is selected 
from the group of polymers consisting of thermoplastic 
and elastomeric polymers, that however can be sub- 
stantially inelastic, so as not to lose a significant part of 
their thickness during expansion of the stent structural 
member, such as pofycaprolactone, for example, allow- 
ing a high upper threshold for the amount of one or more 
drugs that can be loaded in the polymeric material and 
delivered. The inelastic polymeric material currently pre- 
ferred is of a thickness that will guarantee drug delivery 
over at least approximately a seven-day period, which 
currently is not possible with radially-expanding elastic 
films. In the embodiment illustrated In FIGS. 9-13, an 
inelastic drug-loaded polymeric material is currently pre- 
ferred which is no greater than about 0.0508 millimeter 
(0.002 inch) thick, and typically approximately is 0.0381 
to 0.0508 millimeter (0.001 5 inch to 0.002 inch) thick, to 
prevent the profile of the stent and wrap of polymeric 
material from becoming too large. The elastic portion of 
the sleeve of polymeric material keeps the coiled poly- 
meric ffim secured snugly over the expandable stent 
structural member, so that the polymeric material can 
be applied over the stent structural member without the 
need for additional internal points of attachment to the 
stent structural member. The elastic portion of the 
sleeve of polymeric material also keeps tension on the 
cotied, inelastic drug-containing material while the stent 
structural member is expanding, without providing so 
much resistance so as to impede expansion of the stent 
structural member, or the unrolling of the inelastic poly- 
meric material. 

[0024] The elastic strip of material can be joined on 
the interior or exterior of the end portion of the coiled 
polymeric material. The elastic material attached over 
the coil of polymeric material helps keep the coil of drug- 
loaded material snug on the stent structural member be- 
fore it is expanded, and guides its finear expansion dur- 
ing Inflation of a balloon dilatation catheter used for de- 
ployment of the stent and polymeric drug-loaded mate- 
rial in the vasculature or other body lumen of a patient 
[0025] The elastic material currently typically is 
formed of ethylene vinyl acetate, but also can also be 
formed of silicone polymers. The drug-loaded layer of 
polymeric material and the stent structural member can 
be formed of the materials as described above in the 
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previous embodiments. 

[0026] In another alternative embodiment illustrated 
an FIGS. 14-16, another preferred type of stent 90 that 
can be drug-loaded comprises a stent metal structural 

5 member 92, that, for example, can be a slotted tube type 
of stent having a plurality of slotted openings 91 and 
structural ribs 93 as is illustrated in FIG. 1 6, such as is 
available from Advanced Cardiovascular Systems, in 
combination with a planar sheet or film of polymeric ma- 

io terial 94, The stent structural member also can be other 
types of stents that preferably have a relatively signifi- 
cant proportion of space provided by openings, slots, or 
the like in the otherwise solid material of the stent struc- 
ture. The polymeric material can be attached to such a 
is stent structural member by tightly wrapping the polymer 
film at least once, and preferably multiple times, circum- 
ferentialty around the stent structural member 92 in an 
unexpanded state to form a coil of layers of the polymer- 
ic material. The film of polymeric material in this embod- 
20 iment has an interior end 96 with at least one attachment 
member or tab 100 adapted to be received in openings 
91 of the stent structural member and thereby attached 
to the stent structural member, and provides multiple 
wrappings forming a plurality of layers 97 of the poly- 
ps meric material, with an exterior end 98 overlapping the 
interior multiple layers. As is shown in FIG. 14, the pol- 
ymeric film of material currently preferred has a plurality 
of attachment tabs 100, and typically has two of such 
attachment tabs. Each attachment tab currently pref er- 
30 ably includes an aperture 101 therethrough, which is 
adapted to receive and to hook onto a structural rib por- 
tion 93 of the stent structural member. The attachment 
tab also includes a slit 102 extending from the aperture 
1 01 to the outer edge 1 03 of the attachment tab, to allow 
3& the attachment tab to be hooked onto the stent structural 
member. After the attachment tab is hooked onto a por- 
tion of the stent structural member, the slit 102 prefera- 
bly is sealed closed, such as by application of an adhe- 
sive material, typically a copolymer of pofy-L-lactlc acid 
40 (L-PLA) and potycaprotactone (PCL), other suitable ad- 
hesives, or by heat bonding. The coil of polymeric ma- 
terial preferably is formed of a thermoplastic material 
such as polycaprolactone that can be drug-loaded, and 
can be wrapped and secured snugly over the stent 
45 structure by heat bonding the exterior end 98 to another 
portion of the exterior of the wrapped coil of polymeric 
material as described above. The polymeric Him of ma- 
terial tensions the attachment tabs as the stent structur- 
al member is expanded and as the wrapping of polymer- 
ic ic material uncoils, to bias the attachment tab extending 
Into the lumen of the stent structural member against 
the inner surface of the lumen of the stent structural 
member to insure that the attachment tabs do not ob- 
struct the lumen within the stent structural member. At- 
ss tachment of the exterior edge of the polymeric material 
to the wrapping of polymeric material currently prefera- 
bly is accomplished by adhesive bonding, typically by 
an adhesive such as a copolymer of poly-L-lactic actd 
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(L-PLA) andpolycaprolactone (PCL), although otherad- 
hesrvas, heat bonding, solvent bonding, or one or more 
mechanical fasteners, such as with a metal clip, for ex- 
ample, may also bo suitable. 

[0027] In a currently preferred embodiment, the poly- 
meric film materia] typically is about 0.0508 millimeter 
(about 0.002 inch) thick, and also currently preferably 
includes a plurality of apertures 1 08 so that the polymer- 
ic material is porous, to allow blood to flow through the 
stent structural member to the vessel wall, such as for 
oxygenation and nutrient exchange to the vessel wall, 
and in order to present a decreased surface area for pur- 
poses of reducing thrombogenlcity. The apertures also 
improve the flexibility of the polymeric material, allowing 
the stent segment to be more easily rolled and uncoiled 
during expansion of the stent structural member, and al- 
so to facilitate the process ot cell growth overthe surface 
of the stent. 

[0028] The primary function of the sheet of polymeric 
material is to deliver therapeutic agents or drugs to help 
prevent thrombosis and/or restenosis. The pfanar 6heet 
of polymeric material preferably is selected from the 
group of polymers consisting of thermoplastic and elas- 
tomeric polymers that may be inelastic, and that do not 
lose a significant part of their thickness during expan- 
sion of the stent structural member, allowing a high up- 
per threshold for the amount of one or more drugs that 
can be loaded in the polymeric material and delivered. 
As is illustrated in FIGS. 15 and 16, the drug-loaded 
stent can be mounted on an expandable balloon mem- 
ber 110 of a dilatation catheter 112, near radiopaque 
markers 114 of the catheter, for delivery of the stent in 
an artery, other blood vessel, or other body lumen, such 
as through a protective sheath 116, shown cutaway for 
convenience of illustration. 

[0029] In another currently preferred embodiment il- 
lustrated in FIGS. 1 7-1 8, a combination of a stent struc- 
tural member and a polymeric film wrapping can be pro- 
vided with a coating of lubricious material 120. The lu- 
bricious material currently preferred is a mixture of pol- 
yethylene oxide and polyethylene glycol, providing both 
high and low molecular weight components in the lubri- 
cious material, although other types of hydrophilic pol- 
ymeric materials such as polyethylene acetate, polyvi- 
nyl pyrrolidone (PVP), polyvinyl alcohol, polyacryla- 
mide, hydrophilic soft segment urethanes, some natural 
gums such as gum arabic or gum tragacanth and the 
like, polyanhydrides or other similar hydrophilic poly- 
mers, and combinations thereof, also can be used. The 
lubricious material also can carry an anti-thrombogenic 
drug that can be the same as, or complementary to, the 
anti-thrombogenic oranti-proiiferative drug or drugs car- 
ried in the polymeric material of the stent. 
[0030] The lubricious coating currently preferably is 
applied over a stent-and-pofymer-film-wrap combina- 
tion by dipping the wrapped stent in the hydrated, liquid 
lubricious material The lubricious material typically is 
prepared to be sufficiently viscous to allow the stent to 



be coated sufficiently by a single dipping. The lubricious 
coating initially is quite sticky when applied, but it is dried 
to provide a non-sticky tight cocoon around the wrapped 
stent, and helps to keep the polymer wrapping tight 

$ While the lubricious coating is shown applied to a 
wrapped stent such as that of FIGS. 14-16, the lubri- 
cious coating advantageously can be applied to any of 
the foregoing wrapped stent combinations, and other 
suitable stents as well. The lubricious coating becomes 

10 hydrated again upon exposure to the blood during de- 
livery of the stent. When a sheath is used in the deBvery 
system to protect the stent during delivery, the lubricious 
coating initially can be hydrated before contacting the 
blood by flushing the sheath with saline solution. Due to 

ib the gel-like nature of the lubricious coating, the lubri- 
cious coating eventually dissolves in a short period of 
time, and typically will be completely degraded and dis- 
solved by the time the stent is deployed and expanded. 
[0031] The layer of lubricious material protects the 

20 stent from the guide catheter or the anatomy by provid- 
ing a low friction surface over the stent If a sheath or 
sleeve is used for delivering the stent, the lubricious 
coating aids in retraction of the sheath by decreasing 
friction between internal and external layers of the de- 

zs nvery system. The deployment of the stent also can be 
improved by decreasing friction between the stent and 
the balloon used to deliver the stent, decreasing friction 
between the layers of the stent itself, or decreasing fric- 
tion between the vessel or lumen wall and the stent. The 

30 need for a sheath for protecting the stent during delivery 
also can be mitigated if the coating is of a thickness suit- 
ed to providing a smooth transition through the delivery 
system, and still provides a low profile of the uninftated, 
un deployed stent. Alternatively, the lubricious coating 

35 also can be formed as a dried sheet of lubricious mate- 
rial, cut into a strip, wrapped in spiral fashion over the 
length of the polymeric drug carrying wrapping, and 
bonded in place by an adhesive such as a copolymer of 
poly-L-lactic acid (L-PLA) and porycaprolactone (PCL), 

40 although other adhesives, or heat bonding may also be 
suitable. 

[0032] It thus has been demonstrated that the de- 
scribed embodiments provide a stent combining poly- 
meric materials with stent structures with the capability 

4s of absorbing therapeutic drugs or other agents, for 
placement and release of the therapeutic agents at a 
specific intravascular site. A complex locking design is 
not needed, and the stent can be re-dilated rf necessary. 
The polymeric, drug-containing section can be bioab- 

so soroabte, and can be specialty formulated for its specific 
function of delivering drugs locally, since it is not neces- 
sary lor the polymeric component to provide assistance 
in keeping the blood vessel open. The polymeric mate- 
rial can be extruded as a film, using simple technology, 

ss and can be processed while the material is a flat sheet 
The stent can be used in coronary arteries or any other 
part of the vasculature where mechanical opening force 
is necessary or desirable to keep the vessel open, and 
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where anti-restenosis. anti-proliferative or other types 
of therapeutic drugs or agents can be useful in combat- 
ting thrombosis and restenosis. 

[0033] It therefore will be apparent Irom the foregoing 
that while particular forms of the invention have been 
illustrated and described, various modifications can be 
made without departing from the scope of the invention. 
Accordingly, it is not intended that the invention be lim- 
ited, except as by the appended claims. 



Claims 

1 . A drug-loaded stent for implanting within a body lu- 
men, comprising: 

a radially expandable structural stent having an 
axial length and an outer surface area, the stent 
having a plurality of support sections and a plu- 
rality of flexible sections spanning the length; 
a polymeric film composition loaded with a ther- 
apeutic agent, the polymeric film composition 
disposed on select areas of the outer surface 
area of the structural stent; 
the polymeric film composition disposed over 
the support sections of the structural stent with 
the flexible sections left untreated; and 
the polymeric film composition being radially 
expandable with the structural stent 

2. The drug-loaded stent of claim 1 , wherein the poly- 
meric film composition is loaded with any therapeu- 
tic agent including colchicine, DNA oligonucle- 
otides, anticoagulants, antfclateiet agents and an- 
tibacterial agents. 

3. The drug-loaded stent of claim 1 , wherein the poly- 
meric film composition is placed around the outside 
surface area of the structural stent by rolling the pol- 
ymeric film composition into a cylindrical or tubular 
shape. 



5. 



The drug-loaded stent of claim 1 . wherein the poly- 
meric film composition is formed from a group of 
polymers including those of the type of thermoplas- 
tic and elastomeric polymers having elastic proper- 
ties that enable the polymeric film composition to 
radially deform with the expansion of the structural 
stent 

The drug-loaded stent of claim 1 , wherein the poly- 
meric film composition is taken from the group of 
polymers consisting of a biocompatible polymer, 
ethylene vinyl acetate, latexes, urethanes, potyst- 
loxanes, modified styrene-ethytene/butylene-sty- 
rene block copolymers, polycaproJactone. and siii- 



is 8. 



9. 



£0 



The drug-loaded stent of claim 1, wherein the poly- 
meric film composition is attached to the support 
sections of the structural stent by a longitudinal heat 
seal bond on each support section spanning the 
length of the structural stent. 

The drug-loaded stent of claim 6, wherein the poly- 
meric film composition has a first end and a second 
end, the second end being wrapped around the first 
end to form a first layer and continued wrapping 
forming a second layer, the first layer and the sec- 
ond layer being attached to the structural stent by 
heat seal bonding. 

The drug-loaded stent of claim 7, wherein an adhe- 
sive bond secures the first layer to the second layer 
on the structural stent. 

The drug-loaded stent of claim 7, wherein a metal 
clip fastener secures the first layer to the second 
layer on the structural stent. 



30 



35 



40 



10. The drug-loaded stent of claim 1 , wherein the struc- 
tural stent has a plurality of support sections with 
an alternating plurality of flexible sections coaxially 
spanning the length of the structural stent. 

11. The drug-loaded stent of claim 1 , wherein the poly- 
meric film composition includes a layer of a hy- 
drophilic lubricious polymeric composition. 

1 2. The drug-loaded stent of claim 1 , wherein the struc- 
tural stent is formed from a metal taken from a group 

r of metals consisting of stainless steel, elastinite 
(nitinol), tantalum, nickel-titanium alloy, platinum- 
iridium alloy, gold, magnesium, super© lastic alloys, 
shape memory alloys, an alloy consisting essential- 
ly of about 35% cobalt, 35% nickel, 20% chromium, 
and 10% molybdenum, and an alloy consisting es- 
sentially of about 50% cobalt, 20% nickel, 20% 
chromium, and 10% molybdenum. 



13. A drug-loaded stent, comprising: 

45 an expandable stent structural member; and 

a planar sheet of polymeric material disposed 
on the stent structural member, 6aid polymeric 
material being loaded with a therapeutic agent. 

bo 14. The drug-loaded stent of Claim 13, wherein said 
planar sheet of polymeric material is wrapped in a 
coil around the stent structural member. 

15. The drug-loaded stent of Claim 13, wherein said 
65 planar sheet of polymeric material is wrapped cir- 
cumferentiaily around the stent structural member 
at. least one time, and said planar sheet of polymer- 
ic material is attached to itself. 
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16. Th© drug- loaded stent of Claim 13. wherein said 
planar sheet of polymeric material is wrapped clr- 
cumferentially around the stent structural member 
at least one time, and said planar sheet of polymeric 
material is attached to the stent structural member s 
by interference fit. 

17. The drug-loaded stent of Claim 13, wherein said 
planar sheet of polymeric material is wrapped cir- 
cumferentlally around the stent structural member 70 
at least one time, and said planar sheet of polymeric 
material is attached to the stent structural member 

by adhesive. 

18. The drug-loaded stent of Claim 13, wherein said is 
stent structural member has a surface defining a 
plurality of slotted openings therethrough and a plu- 
rality of structural ribs, said planar sheet of polymer- 
ic material has at least one attachment tab having 

an aperture therethrough and a slit extending from 20 
said apertu re to an outside edge of said attachment 
tab, said planar sheet of polymeric material being 
attached to the stent structural member by inserting 
said attachment tab into one said stent 6tent slotted 
opening and hooking said slit and said aperture of 2S 
said attacment tab to a structural rib of said stent 
structural member, and said sheet of polymeric ma- 
terial is wrapped circumf erentially around the stent 
structural member at least one time. 

30 

19. The drug-loaded stent of Claim 15, wherein said 
planar sheet of polymeric material is selected from 
the group of polymers consisting of thermoplastic 
and elastomeric polymers, whereby said film 
stretches radially when said stent structural mem- 35 
ber is expanded. 

2a The drug-loaded stent of Claim 14, wherein said 
planar sheet of polymeric material is adapted to un- 
coil and expand to substantially match the expan- *o 
sion of said stent structural member. 

21. The drug-loaded stent of Claim 14. wherein said 
stent structural member has a longitudinal axis, and 
said planar sheet of polymeric material has at least <s 
one slit transverse to the axis of said stent structural 
member to accommodate uneven expansion of the 
stent structural member. 

22. The drug-loaded stent or Claim 13, wherein said so 
therapeutic agent is selscted from the group con- 
sisting of therapeutic agents consisting of antiplate- 
lets, antithrombins, cytostatic and antiproliferative 
agents. 

65 

23. The drug-loaded stent of Claim 13, wherein said 
therapeutic agent is selected from the group of ther- 
apeutic agents consisting of sodium heparin, low 



molecular weight heparin, hirudin, argatroban, for- 
skotin, vaptprost, prostacyclin and prostacyclin an- 
alogues, dextran, D-phe-pro-arg^chloromethylke- 
tone, dipyridamole, glycoprotein llb/llla platelet 
membrane receptor antibody, recombinant hirudin, 
thrombin inhibitor, angiopeptin, angiotensin con- 
verting enzyme inhibitors, calcium channel block- 
ers, colchicine, fibroblast growth factor antagonists, 
fish oil, omega 3-tatty acid, histamine antagonists, 
HMG-CoA reductase inhibitor, methotrexate, mon- 
oclonal antibodies, nftroprusside. phosphodieste- 
rase inhibitors, prostaglandin inhibitor, serotonin 
blockers, steroids, thioprotease inhfoitors, triazol- 
opyrimidine, PDGF antagonists, alpha-interferon, 
genetically engineered epithelial cells, and combi- 
nations thereof. 

24. The drug-loaded stent of Claim 13. wherein said 
stent structural member is formed from a metal se- 
lected from the group of metals consisting of stain- 
less steel, tantalum, nickel-titanium alloy, platinum- 
indium alloy, gold, magnesium. MP35N. and 
MP20N. 

26. The drug-loaded stent of Claim 13, wherein said 
planar sheet of polymeric material has a surface de- 
fining a plurality of openings to promote rapid en- 
dothelialization. 

26. The drug-loaded stent of Claim 1 3, wherein said 
planar sheet of polymeric material is coated with a 
layer of hydrophilic lubricious polymeric material. 

27. The drug-loaded stent of Claim 26, wherein said lu- 
bricious material is selected from the group consist- 
ing of polyethylene oxide, polyethylene glycol, pol- 
yethylene acetate, polyvinyl pyrrolkJone, polyvinyl 
alcohol, pbtyacrylamtde, hydrophylec soft segment 
urethane, gum arabic, gum tragacanth, and combi- 
nations thereof. 



so 
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